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High livestock mortality during drought remains the primary determinant of livestock 
herd size in arid and semi-arid regions of sub-Saharan Africa. This chapter explores the 
introducing long-lived carbon species (biochars) as stock feed additives to increase 
ruminant drought survival rates during low feed conditions in arid and semi-arid regions 
(i.e., where Acacia spp. occurs abundantly within teir natural distribution range). This 
has the potential to ecologically deliver stable forms of carbon to the soil through the 
animal solid waste residue, and would require development of new small-scale artisanal 
pyrolyzers also useful for domestic cooking. This can enable the co-production of biochar 
from currently unused biomass resources that are at present unsuitable/undesirable for use 
in existing cooking technologies. The approach is contextualized within the existing sub-
Saharan pastoral land use activities, and the associ ted limiting factors of ruminant 
production. The research shows in theory, biochar provides traditional livestock systems 
with an alternative for risk mitigation. Biochar produced from local ‘waste’ at any time of 
the year can be used during the feed gaps and provides a variation on local forestry for 
carbon sequestration activities compatible with tradi ional pastoral land tenure. Presented 
are potential applications that require further analysis for production system efficacy, and 
livestock feed-use optimization and the associated market value maximization. 
 





Africa hosts over 300 million ha of arid and semi-arid rangelands characterized by a high 
diversities of climate, seasonality, rainfall, land forms, soils, vegetation, and pastoral nomadism 
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(Oba and Lusigi, 1987). Only around 13% of the sub-Saharan African land mass (~14 million ha) 
is available for crop production (Wenhold et al., 2007). Arid and semi-arid lands (defined in this 
chapter as <500 mm/y and 500-1000 mm/y rainfall, respectively) comprise more than half (56.3%) 
of the total sub-Saharan (SSA) land area; ~850 million ha  with <500 mm/y rainfall, and ~400 
million ha with 500-1000 mm/y rainfall (Otte and Chilonda, 2002). In these regions drought and 
famine are a common feature, vividly illustrated by international media interest in the Sahelian 
drought (1969-73), the Sudan drought (1983-1984), Niger (2005) (Oba and Lusigi, 1987; Baro and 
Deubel, 2006), and increasingly so in recent years. People most affected by drought are pastoral 
nomads with their livestock (their primary wealth) often starving to death. The major land use in 
arid and semi-arid regions of Africa is pastoral nomadism, which has adapted to variable forage 
and water resources through opportunistic mobility and increasingly diversified livestock (camels, 
sheep, goats, cattle) husbandry practices (Oba and Lusigi, 1987). 
Arid and semi-arid areas exhibit high inter-annual rainfall variability, and with very long (7-9 
month) dry seasons, livestock production provides a fundamental economic activity and livelihood 
(Otte and Chilonda, 2002). Pastoral livelihoods depend on their ability to diversify their resources 
to minimize risk and maximise survival (Oba and Lusigi, 1987). Unlike crops, in these dry rural 
regions, livestock and their products play a dominant role in social stability, cultural bonds, 
subsistence income, insurance, savings, investment, draught power, and food security, that can 
also generate a substantial annual return in rural SSA (Little et al., 2001), and semi-arid and arid 
pastoralist regions in particular (Oba and Lusigi, 1987; Little et al., 2001; Otte and Chilonda, 
2002). The sparsest dry parts of SSA tend to be inhabited by pure nomadic pastoralists (who 
produce no food grains and are heavily involved in product exchange), or semi-pastoralists who 
undertake a number of subsistence activities (Otte and Chilonda, 2002). The middle of the dry 
season is a major limiting factor of cultivated production in SSA (Austin, 2005). Production 
limiting seasons, usually the dry seasons, lead to po rer quality water and vegetation, and 
livestock use more energy in maintenance than can be sourced from feed, leading to zero weight 
gain, weight loss, emaciation, or death (Oba and Lusigi, 1987). The pastoralists of Eastern and 
Southern Africa are increasingly pursuing non-pastoral adaptation strategies to insure against 
climate, disease, price, political risks, and general insecurity (Little et al., 2001). Household food 
insecurity is causally related  to inadequate food production and ways which food is acquired 
(Wenhold et al., 2007). In recent years pastoralists have become reliant on relief food aid as a 
reliable strategy (Oba and Lusigi, 1987). While acute food relief is often needed, long-term food 
provision create a disincentive to production and self-reliance, and has encouraged pastoralists to 
resettle permanently around food-relief centers (Oba and Lusigi, 1987; Little et al., 2001).  
Eastern and southern sub-Saharan African regions host 79.5% and 47.5% of all arid and semi-
arid agro-ecological zones which in total host 51% of all cattle, 56% of all sheep, 64% of all goats 
in SSA (Otte and Chilonda, 2002). Cattle are traditionally preferred due to a variety of reasons, 
including cultural, utilitarian, investment, religious, and social (Wenhold et al., 2007). Despite a 
naturally low land productivity, in Eastern and Southern sub-Saharan regions there are around two 
cattle for every three people in semi-arid regions, and two cattle for every four people in arid 
regions (Otte and Chilonda, 2002), and the high population of stock relative to carrying capacity in 
some areas have degraded the lands alongside the severe droughts (Jindal, 2006). There has long 
been interest in deferring the early grazing of annual pastures, and reducing dry season feed 
requirements, particularly with  fodder tree supplementation in feed gap periods (Patabendige et 
al., 1992; Cleugh et al., 2002; Sanford et al., 2003). The feed gap period is a major constraint to 
livestock production (Sanford et al., 2003). Working within existing production systems, there are 
potentially new approaches to the feed-gap problem that improve both environmental externalities 
and primary productivity. One options is the use of currently unused biomass ‘wastes’ to produce 
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biochar as a feed additive to improve ruminant growth hen fed on less palatable or high-tannin 
fodder trees, and at the same time bolster  stable carbon (C) sequestration in soils (McHenry, 
2009b; McHenry, 2009a; McHenry, 2010; McHenry, 2011b). Fodder detannification may enable 
the use of potentially large resources of high-tannin fodder species (such as Acacia spp.) through 
increasing the availability of bound protein in the leaf (Van et al., 2006; Blackwell et al., 2009). In 
many regions of the world Acacia fodder remains the a major uneaten green biomass in the dry 
period, as the palatability and digestibility (due to high tannin content) is low relative to other 
feed. There are numerous benefits to improving digestibility and palatability of high-tannin fodder 
trees in semi-arid animal husbandry production system  (Degen et al., 1995; Kaitho et al., 1998; 
Graetz and Skjemstad, 2003; Mueller-Harvey, 2006; Antle et al., 2007; McHenry, 2010). The use 
of biochar in pastoral production systems for expanding the suitability of available fodder species 
during the feed gap period is a much needed climate-related risk mitigation strategy that can 
increase landscape stability and resilience (Griffiths et al., 2000; Tobor-Kaplon et al., 2005; Harle 
et al., 2006; Brussaard et al., 2007; McHenry, 2010). Nonetheless, the ‘non-commodity’ aspects of 
the approach will require a sophisticated and coordinated approach that integrates conventional 
productivity with mitigation and adaptation approaches cost effectively (Nabuurs et al., 2007; 
Independent Pricing and Regulatory Tribunal, 2008; McHenry, 2011a; McHenry, 2012). 
 
 
PASTORAL RISK MANAGEMENT IN EASTERN AND SOUTHERN SSA 
 
There is a diversity of livelihoods other than traditional pure pastoralism (where people only 
raise animals), including several mixed-production agricultural systems (Otte and Chilonda, 
2002). Yet, cropping and vegetative farming on marginal semi-arid and arid regions in SSA 
remains technically challenging and often uneconomic, and livestock grazing is remains the most 
valuable activity socially and economically, and can be the only viable agricultural enterprise (Oba 
and Lusigi, 1987; Little et al., 2001). Livestock husbandry usually takes the form of small holder 
domestic consumption rather than commercial sales (Counguara and Moder, 2011). Pastoralist 
societies also value livestock for marriage payments a d ceremonies, and stocking rates are often 
unlikely to contract due to deeply entrenched cultura  reasons (Shipton, 1989). A herder tends to 
graze their stock within their own lands, and such traditional land tenure excludes all others from 
grazing within these bounds, although payments are a means where a herder can graze in other 
regions (Coppolillo, 2000). As grazing land is often communal, there is no incentive for a herder 
to reduce herd size, or reduce stocking rates per unit area, as individuals benefit from overgrazing 
to the expense of essentially competing graziers (Oba and Lusigi, 1987). The mean herd size for 
pastoral cattle, sheep, and goats vary considerably even with the same region, yet are 
approximately between 50 and 100 for cattle and goats, and between 20 and 45 for sheep (Otte and 
Chilonda, 2002). Higher densities of herds are able to feed less intensively (lower biomass 
consumption over a longer day interval) if they travel less between the household and the water 
points, which also improves body weight during the dry season (Coppolillo, 2000). Table 1 shows 
research by Otte and Chilonda (2002) presenting the average mature weight for male and female 
cattle, sheep, and goats in arid and semi-arid regions of Eastern and Southern SSA. The difference 
between the lower mean body weight of all arid ruminants in the arid regions demonstrates both 
the constraints from dry conditions and indicates the relative drought resilience of ruminants. For 
example, the mean weight difference of goats between th  two regions is not large, while cattle do 
show a large mean difference. The relative high demand for water and quality pasture for cattle 
may account for the higher relative cattle losses in droughts (Oba and Lusigi, 1987).  
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Table 1. Mean liveweight of selected ruminants in ar d nd semi-arid pastoral areas. Source: (Otte 
and Chilonda, 2002). 
 Cattle Sheep Goats 
 Arid Semi-arid Arid Semi-arid Arid Semi-arid 
Female mature liveweight (kg) 246 251 29.4 31.5 26.9 27.4 
Male mature liveweight (kg) 322 329 33.9 37.8 36.1 35.9 
 
Almost paradoxically, an activity that increases drought resilience is having a larger herd; as 
one of the simplest forms of self-insurance (Dercon and Christiaensen, 2011). Some of the 
wealthiest herd owners have >250-300 cattle, and livestock holdings is commonly a proxy for 
food security (Coppolillo, 2000; Baro and Deubel, 2006). This is similar to having large families 
as a form of insurance within conditions of poverty (Shipton, 1989). However, one year out of four 
in Eastern Kenya leads to major overstocking due to low seasonal vegetative growth from high 
rainfall variability leading to drought (Leeuw and Tothill, 1990). In drought conditions, much of the 
animal sales are desperate attempts to slaughter animals before they die of starvation (Scarpa et al., 
2001). In a drought year in Kenya, research on cattle sale markets by Scarpa et al. (2001) found that 
only 22% of cattle were in good condition, and the remainder were in fair or poor condition. When 
drought conditions arise stock lose weight and condition and associated prices drop precipitously 
(Oba and Lusigi, 1987). Research by Barrett et al., (2001) determined a hypothetical reduction in 
market value during drought conditions in arid-semi arid regions in northern Kenya (Marsabit and 
Moyale), based on actual sale data, and the tendency for large stock numbers to be sold at one 
time. (Table 2). The data in Table 2 show the lower female stock prices during drought. This is 
related to when females are unable to produce and rear offspring in poor conditions; a major 
component of their overall value. The lower price of cattle in drought conditions relative to other 
ruminants is related to their lower resilience to dr ught in general. While acute droughts limit stock 
numbers, post drought conditions result in general understocking (Leeuw and Tothill, 1990). 
Minimum annual prices for livestock in the region occur during the November-March dry season 
and may be 60% lower that the annual maxima in April to June (where restocking occurs), with 
higher livestock price volatility occurs at the lowest price point (Barrett et al., 2001). Pastoralists 
can sell mature male stock in good years as a contingency against drought years, yet cultural 
preferences continue the maintenance of high stocking rates (Oba and Lusigi, 1987). When 
relatively wealthier people hold all their assets in livestock, it risks significant loss from extreme 
events such as drought (Little et al., 2001). Whilst selling stock in high-value periods, and buying 
during low-value periods seems a simple answer, there are very high transaction costs for 
livestock sales in the region, and also high costs and low availability of transport (Barrett et al., 
2001). High cost of credit and insurance are also common, and limit the ability to take advantage 
of more risky, yet more profitable alternatives (Dercon and Christiaensen, 2011).  
 
Table 2. Effect on livestock price during a seasonal drought (%). Source: (Barrett et al., 2001). 
 Cattle Sheep Goats 
 Marsabit Moyale Marsabit Moyale Marsabit Moyale 
Female mature -52.3 -47.5 -34.1 - -17.4 -16.3 
Male mature -22.1 -33.4 -21.3 - -14.6 -12.2 
 
The relationship between risk and diversification is complex and resists homogenization for 
pastoral production systems (Little et al., 2001). Pastoral diversification does not simple mean 
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‘less livestock-related production’, as altering herd species composition is a common means of 
herd diversification (Shipton, 1989; Little et al., 2001). Herd numbers and structure is often 
managed by altering the ratio of productive to unproductive animals to improve overall food 
conversion efficiency and value, which is dependent of the local use and conditions. For example, 
older male draught animals have higher value in areas where ploughing occurs, or young female 
animals have higher value for milk and reproductive potential in more remote areas (Shipton, 
1989; Coppolillo, 2000). Greater livestock travelling radius does not meaningfully affect the 
amount of feed intake, yet lactating female livestock that ranged further produce much less milk 
(Coppolillo, 2000). This influences the survival of the next generation of livestock, particularly as 
pastoral herd mortality risk is high and birth rates are low in the region. Research by Otte and 
Chilonda (2002) (presented in Table 3) shows the high mean mortality in arid and semi-arid 
regions of immature livestock (within 1 year of birth for calves, and within 6 months for sheep and 
goats). A diversity of livestock take advantage of various vegetative niches and water availability, 
as each livestock either grazes or forages different plants, and tolerate various intervals of water 
unavailability (Oba and Lusigi, 1987). Table 3 also shows that the birth rate of cattle is much 
lower than sheep and goats in arid and semi-arid regions of Eastern and Southern SSA.  
 
Table 3. Selected mean immature stock mortality risk in pastoral arid and semi-arid areas. Source: 
(Otte and Chilonda, 2002). 
 Cattle Sheep Goats 
 Arid Semi-arid Arid Semi-arid Arid Semi-arid 
Birth mortality (%) 23.1 22.3 28.7 29.7 27.4 33.1 
Birth rate (%) 61.0 60.5 98.0 95.3 106.5 111.0 
 
To successfully survive on the land, landholders requir  high resolution and reliable 
information, with a particular focus on seasonal fluxes and environmental extremes, rather than 
average conditions, and of particular interest are the thresholds of critical systems that sustain 
productivity (McHenry, 2013). In sub-Saharan regions there has been a trend away from high-
input towards low-input agricultural production systems (Havnevik et al., 2003). In general, 
subsistence production systems exhibit ‘less risky’ traditional technologies and associated resilient 
activities, despite often generating lower returns o  average (Dercon and Christiaensen, 2011). 
Therefore, any new introduction of a primary production activity will require high resolution and 
site-specific biological, geological, sociological, and economic elements, with technical and 
socioeconomic production analyses of the capacity and opportunity within existing practices 
(Paustian et al., 1997; McHenry, 2013). This research seeks to explore and refine an approach 
published methodology by McHenry (2010) to derive high-value data to reduce the uncertainties 
of using biochars to improve feed-use-efficiency in pastoral regions. The method was derived 
from research results from a twelve-week experiment by Van et al., (2006) which compared goat 
growth rates fed on tannin-rich Acacia spp. fodder. The experiment assessed feeding goats biochar 
produced from bamboo (<1g per day per kg of liveweight), weighing 5.2% heavier than the 
control goat group over the twelve weeks. The notably higher growth rate (~20%) than control 
goats with no biochar feed additive may provide sufficient incentive to produce biochar in some 
animal husbandry systems, even without a C price (McHenry, 2010). The method demonstrated an 
opportunity to simultaneously investigate other reported benefits of biochar addition to soils via 
excreta when determining the efficacy of biochar for improving pastoral grazing ruminant growth. 
If regionally-specific research data becomes available, it may provide a form of insurance to primary 
producers in arid and semi-arid areas (McHenry, 2010). With C fractions that survive the ruminant 
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digestive system potentially sequestered in soils, the stable C fraction after exposure to various 
oxidating environmental conditions can be determined by soil testing. However, undertaking 
detailed regionally specific analyses for the use and economics of co-produced energy and biochar 
C sequestration through the animal husbandry production cycle is a challenging objective 
(McHenry, 2010). Yet, if biochar feed additives prove effective for Acacia spp., this may have 
extensive global implications in arid, semi-arid, and even some temperate regions as Acacias are 
native to most major continents; including Africa.  
 
 
HOW ACACIAS ARE USED WITHIN PASTORAL SYSTEMS 
 
Acacia species are one of the largest genera of flowering plants and are found widely 
distributed in their respective native Asia, the Americas, Australia, and Africa (Brockwell et al., 
2005). As Acacias commonly grow in regions with relatively low rainfall, any opportunity to 
expand their use  in extensive agricultural systems will have wide application (McHenry, 2010). 
Native legume species like Acacias provide an opportunity in rangeland grazing systems for both 
ecosystem health and livestock productivity purposes (Muir et al., 2011). Most, but not all of the 
1,350 Acacia species are able to form bacterial root-n dulations and their native symbiotic 
rhizobia (or from appropriate inoculants) fix atmospheric nitrogen (N), improving the N cycling in 
arid and semi-regions (Brockwell et al., 2005; Wenhold et al., 2007). To ensure N fixing, any loss 
of Acacia species in very degraded lands will likely require inoculation of effective rhizobia 
during re-establishment, as Acacias can readily be established on degraded lands (Brockwell et al., 
2005). Nonetheless, with N fixing capacity and with their improved digestibility with biochar feed 
additives, it may lead to an expansion in their agricultural/pastoral utility (Patabendige et al., 1992; 
Degen et al., 1995; Wise and Cacho, 1999; Valzano et al., 2005; Mueller-Harvey, 2006).  
Apart from shade, the most important contribution of legumes (both pasture and tree legume 
species) to ruminants is the provision of higher leve s of crude protein relative to grasses through 
the growing season, and to some extent improve digestibility (Mueller-Harvey, 2006; Muir et al., 
2011). Actively growing fodder or collecting/cutting from trees for livestock is more common in 
highly populated areas, and increases the investment required in using fodder species (Shipton, 
1989). In extensive systems, such trees (or lower portions) are grazed by ruminants themselves. 
However, understanding the grazing preferences of livestock is key to managing stable 
populations of fodder combinations over time, and require good grazing management knowledge 
and experience (Muir et al., 2011). Furthermore, as shrubby Acacias in arid and semi-arid regions 
are generally not preferred as a firewood species, they are likely to suffer less opportunistic 
harvesting in areas with high human populations than other tree species. As biomass collection for 
traditional energy sources is common in rural SSA, managing ruminant grazing pressure on tree 
fodder species may not be sufficient.  
 
 
BIOCHAR APPLICATION ASSUMPTIONS, RESULTS, AND DISCUSSION  
 
The research includes theoretical calculations that provide scenario-specific reworking of the 
Van et al., (2006) research on goats, and extend their assumptions in terms of also cattle and 
sheep. The research assessed the use of Acacia (specifically Acacia mangium) with 42 young 
goats of 20 kg liveweight. In simple terms, the goats in the experimental group grew faster (53 g 
versus 44 g/day, or 20.4% faster) than the goats given the same diet without bamboo biochar at 0.5 
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g/kg of liveweight per day (Van et al., 2006). This scenario uses the simplistic 20.0% figure, and 
assumes that a theoretical 20.0% decline in weight loss would occur in an experimental group of 
cattle, sheep, and goats against the controls over the same interval consuming identical Acacia-
dominated feed rations. An arbitrary linear 2.0% per w ek weight decline was introduced for each 
scenario of male and female cattle, sheep, and goats, b sed on the average weights for male and 
females in the region derived from Otte and Chilonda (2002). (Table 4). This was duplicated in an 
identical manner, except the 2.0% per week weight decline was changed to a 1.6% per week 
weight decline, which represented the theoretical difference between the experimental group fed 
biochar feed additives and the control group in Table 4 – a difference of 20.0% in weight decline 
as per the assumptions of reworking of the findings of Van et al. (2006) (See Table 5). This simple 
theoretical calculation shows that the difference between the control group and experimental group 
of cattle was around 10 kg of liveweight over the 12 week experimental period. While this may 
seem small in terms of a percentage reduction, this would represent around US$6.00 in value per 
head, based on a 60.0% dressed weight value from the liveweight, assuming a market value 
average per kg from Scarpa et al., (2001) US$1/kg dressed weight.  
Alternative applications of biochar might be to delay the sale of the livestock for a short time, 
albeit at the expense of the welfare of the animal. Figure 1 shows the decline in weight of four 
theoretical heifer/cows, two from a semi-arid region, and the others from an arid area; one of each 
was the experimental and one the control. The liveweight data is derived from the simplified 
calculations in Table 4 and Table 5. The reduced decline in heifer/cow liveweight from the biochar 
addition shows that the same ‘condition’ of the contr ls without the biochar feed additives would be 
reached around 2.5 weeks earlier than the experimental group. There is a major difference between 
the market maxima and minima in terms of price (around a halving of the cow/heifer values per 
research by Barrett et al. (2001), yet the timing may be only a few weeks apart – i.e. after rains in a 
drought). Holding onto to healthier stock for longer while achieving an identical weight level 
might be sufficient to avoid the minimum annual prices for livestock in November-March and 
make the high annual prices in April to June. The approximate value for this activity would be very 
difficult to calculate, and authors have refrained from attempting or suggesting such a value. 
 
Table 4. Theoretical effect on mature livestock weight loss from low feed during a seasonal 
drought with a linear weight loss of 2.0% per week over a 12-week period. (The average weight 
remaining for each theoretical animal was calculated s 78.5% of the initial, Wk0, liveweight). 
Environment and mature livestock liveweight (kg) Wk0 Wk12 Total wt. loss 
Arid cow/heifer 246.0 193.0 53.0 
Arid bull/steer  322.0 253.0 69.0 
Arid ewe  29.0 22.7 6.3 
Arid ram/wether  34.0 26.7 7.3 
Arid doe  27.0 21.2 5.8 
Arid buck/wether  36.0 28.2 7.8 
    Semi-arid cow/heifer  251.0 197.0 54.0 
Semi-arid bull/steer  329.0 258.2 70.8 
Semi-arid ewe  31.5 24.7 6.8 
Semi-arid ram/wether  37.8 29.7 8.1 
Semi-arid doe  27.4 21.5 5.9 
Semi-arid buck/wether  35.9 28.2 7.7 
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Table 5. Theoretical effect on mature livestock weight loss (kg) from low feed and biochar feed 
additives during a seasonal drought with a linear weight loss of 1.6% per week over a 12-week 
period. (The average weight remaining for each theoretical animal loss was calculated as 82.4% of 
the initial (Wk0) liveweight). 
Environment and mature livestock liveweight (kg) Wk0 Wk12 Total wt. loss 
Arid cow/heifer 246 202.7 43.3 
Arid bull/steer  322 265.1 56.9 
Arid ewe  29.0 23.8 5.2 
Arid ram/wether  34.0 28.0 6.0 
Arid doe  27.0 22.3 4.7 
Arid buck/wether  36.0 29.6 6.4 
    Semi-arid cow/heifer  251.0 206.8 44.2 
Semi-arid bull/steer  329.0 271.1 57.9 
Semi-arid ewe  31.5 26.0 5.5 
Semi-arid ram/wether  37.8 31.1 6.7 
Semi-arid doe  27.4 22.6 4.8 




Figure 1. Theoretical effect on cow/heifer mature liv weight loss (kg) from low feed, and low feed 
and biochar feed additives, including both the linear weight loss of 2.0% (thin lines) and the 1.6% 
loss per week (larger lines) over a 12-week period. 
 
There is also an opportunity for extracting a value from C sequestration of any the stable C 
remaining in soils over time if research data is avail ble. For example, a theoretical experimental 
group of 30 mature female cattle weighing 246 kg each in good condition are fed 0.5 g of biochar 
per kg of live weight each day, for twelve weeks (3.7 kg per day for the 30 cow/heifers). 
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Assuming no weight gain or loss, the maximum total f 310 kg of biochar, would theoretically 
represent roughly 0.910 tonnes of potentially sequester d CO2-e of over the experiment alone. 
(This assumes 80.0% stable C fractions of the 310 kg of biochar, with the conversion of C to CO2-
e being 3.666 tonne of C per tonne of CO2-e). The ecologically delivered C via excreta might be 
determined from soil samples from an experimental group’s small research holding paddock 
(McHenry, 2010). At even a C sequestration value of US$2.05 - derived from research by Jindal 
(2006) - this would in theory be valued only at only around US$2 for the entire 30 cow/heifers. 
However the stable C fraction of the biochar after th  ecological delivery method would have to be 
determined for the particular biochar produced and the conditions at the location. Nonetheless, this 
amount multiplied over even a small fraction of the millions of head of ruminant livestock in 
Eastern and Southern SSA has the potential to sequeter very large amounts of C each dry season. 
Feeding 0.5 g/kg liveweight to even 10,000 cattle ov r a 12 week period would have the potential 
to sequester approximately 100 tCO2-e each year. This would generate a non-insignificant 
stimulus for new innovative technologies for co-producing bioenergy and biochar. It is likely that 
these options (if research can determine the efficacy of biochar-based feedstock additives), may 
surpass forestry project sequestration in arid and semi-arid regions. However, the fundamental 
reason a pastoralist herder would go any trouble to produce biochar is because it is demonstrated 
to be a profitable activity within the private production system. The equivalent private market 
value of the 30 heifers/cows in terms of the theoretical weight difference of using biochar feed 
additives when primarily feeding on Acacia is the additional US$180 income at sale from the 
additional dressed weight may be the incentive requi d.  
As reported in research by McHenry (2010) the resultant theoretical market value for the 
biochar to a ruminant producer (also based on the Van et al. (2006) results and calculated for 
Australian cattle values), would be approximately US$500 per tonne of biochar (McHenry, 2010). 
Recalculating this theoretical result for Eastern and Southern SSA, the equivalent value for 
biochar is around US$580 per tonne (based on the assumption that a maximum 310 kg of biochar 
is fed to 30 heifers achieving an additional value of US$6 per head). This is far in excess of 
current prices for biochar/charcoal, which, if approximately correct, is likely to provide the 
sufficient incentive for the development of new biochar/bioenergy conversion systems suitable for 
households in arid and semi-arid regions. Nonetheless, it must be clear, that to the herder the value 
of livestock derived from their ability to survive and rear healthy young into the next season. To 
quantify the ability of biochar feed additives to assist this goal will require the numerous 
theoretical and scenario data, assumptions, and calculations used in this research to be refined and 
put under scrutiny. Furthermore, the determinations f whether the activity can be undertaken 
sustainably and cost-effectively at the wider landscape scale in SSA will necessitate feasibility 
analyses to determine the practicality and effectivness of C-based feed additives in pastoral 





Biochar applications may significantly expand available climate change mitigation and 
adaptation options in SSA. Reducing climate-related risk will need informed management practices 
that increase land ecosystem stability and resilience to climate stresses (Griffiths et al., 2000; Tobor-
Kaplon et al., 2005; Harle et al., 2006; Brussaard et al., 2007). ‘Non-commodity’ biochar or 
bioenergy markets will require more sophisticated accounting methodologies than a simple 
revegetation/restoration/forestry projects (Independent Pricing and Regulatory Tribunal, 2008). 
Greater certainty for producers, governments and the broader community requires further biochar 
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feed additive research alongside upstream and downstream impacts (McHenry, 2010). 
Furthermore, landholders will need iterative management processes to balance environmental 
benefits with conventional productivity/risk (Intergovernmental Panel on Climate Change, 2000).  
Biochar feed additive impact on Acacia species digest bility, the associated change in animal 
growth characteristics, and soil/C data will be usef l to pastoral landholders (McHenry, 2010), and 
on-site research is required to refine uncertainties o an acceptable level to attract significant 
private sector investment (Intergovernmental Panel o  Climate Change, 2000; Barker et al., 2007). 
As households in developing countries are less able to cope with drought shocks, they often prefer 
less risky technologies and production systems despite generating lower returns (Dercon and 
Christiaensen, 2011). In Southern and Eastern SSA there is a strong correlation between access to 
land, agricultural commercialization, and household incomes,  with greater holdings generating 
around double saleable produce per person (Jayne et al., 2010). Therefore, there is no reason why 
remote pastoralists cannot provide surplus livestock and meat for the wider economy as part of a 
targeted marginal land development program (Oba and Lusigi, 1987). However, upstream and 
downstream impact information of biochar feed additive production and use is a fundamental need 
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